In this work, samples of the medicinal plants: Boldo (Peumus boldus), Castanha da Índia (Aesculus hippocastanum), Chá Verde (Camelia sinensis), Erva Cidreira (Melissa officinalis), Espinheira Santa (Maytenus ilicifolia), Guaraná (Paullinia cupana), Maracujá (Passiflora sp.), Mulungu (Erythrina velutina), Sene (Cassia angustifolia) and Valeriana (Valeriana officinalis) were evaluated BY using the Neutron Activation Analysis technique (NAA-k 0 ) in order to determine the levels of metals and other chemical contaminants. The results showed the presence of non essential elements to the human body. The diversity of chemical impurities found even at low concentration levels, considering the potential for chronic toxicity of these elements, reinforces the need to improve the implementation of good practices by growers and traders, and the hypothesis of lack of quality control in plant products. (AAN-k 0 ) , a fim de se determinar os teores de metais e outros elementos químicos contaminantes. Os resultados revelaram a presença de elementos não essenciais ao organismo humano. A diversidade de impurezas químicas encontradas, mesmo em níveis de baixa concentração, considerando o potencial de toxicidade crônica desses elementos, reforça a necessidade de melhorias na aplicação de boas práticas pelos produtores e comerciantes e a hipótese de falta de controle de qualidade nos produtos vegetais.
INTRODUCTION
The consumption of medicinal plants for therapeutic purposes is recognized as one of the earliest forms of medical practice of mankind. This use tends to grow over the years, both in developed and developing countries (Veiga, Pinto, Maciel, 2005; Viegas, Bolzani, Barreiro, 2006; WHO, 2004) .
In Brazil, the high cost of manufactured drugs, the dissatisfaction with traditional medicine, the difficulties to access the health public system are some factors of the increasing use of medicinal plants (Peron et al., 2008; Simões et al., 2003; Souza-Moreira, Salgado, Pietro, 2010; WHO, 2002) . However, the lack of an efficient control system and quality assessment of such products may contribute to exacerbate the health public problems in the country (Leal et al., 2006; Veiga, Pinto, Maciel, 2005) .
Due to the importance of medicinal plants and herbal medicines and considering the production chain, the Brazilian legislation was recently updated with the publication of the RDC (Board Resolution Collegiate) nº 10/2010, RDC nº 14/2010 and also of the Normative Instruction nº 5/2010 (Brasil, 2010b,c,d) . The RDC nº 10/2010 provides the registration of herbal medicines and also sets out a list of plant species -selected according to its traditional use -having been standardized, for each species, the therapeutic indications, methods of use, quantities to be eaten and care and restrictions to be observed. Additionally, it was determined the maximum load limit for bacterial, fungal and aflatoxins that may be present in these products, as determined by the World Health Organization (WHO). Some other controls which have been recommended are: the determination of the amount of other contaminants, such as, heavy metals, parts of the plant itself that are not allowed, other medicinal plants, among others (Brasil, 2010a) .
Medicinal plants, as well AS the synthetic drugs, have pharmacologically active groups responsible for the desired therapeutic effect in the body. Thus, it becomes necessary to know the composition of the constituents of each plant and assessment of toxicity and their therapeutic potential. The widespread conception among the population that "natural" means "safe" and that drugs of natural origin are harmless and have no risk associated with its use, does not match reality. Some medicinal plants have inherent toxicity and herbal medicines, like any medicine, have side effects that can cause many diseases (Lanini et al., 2009; WHO, 2004) . The general belief of the absence of any possible side effects of natural medicines reinforceS the concern with the indiscriminate use of these products (Lanini et al., 2009; Peron et al., 2008) . Some factors are directly related to the variation in the content of active compounds present in the plant, such as, the weather and soil conditions. Thus, the quality of the plant material can vary depending on its origin and harvest period as well (Simões et al., 2003) . Furthermore, there is a concern about the potential contamination of vegetable drugs, depending on its natural origin (Bugno et al., 2005) .
The quality control of the raw materials is a critical step for obtaining herbal medicines with acceptable degree of quality for consumers. It has been observed that the increasing demand for medicinal plants and herbal medicines, by itself, has led to a reduction in the quality of the product offered. The lack of information among producers about the care needed in each stage of production, from the harvest or the obtaining of the raw material to the final processing, and the shortage of trained professionals in the industry, also contribute to the low quality of the products or products that have poor quality (Carvalho et al., 2010; Zaroni et al., 2004 (Gautam et al., 2010; Yuan, Chapman, Wu, 2011) .
In order to improve the quality of medicinal plants and their derivates in general, Zhang and colleagues (2012) suggested the strict implementation of Guide GFP and harvesting medicinal plants to the national and regional level, this guide was published by the World Health Organization (WHO, 2003) and has been developed in China, and the European Union. Japan was also encouraged to joint to the use of other guides as good manufacturing practices, modern analytical methods and pharmaceutical techniques in production processes and control require investments in research of applicable methodologies to the sector and increase regulation (Zhang et al., 2012) .
The lack of quality of raw vegetable materials and their derivates is not a problem exclusively of Brazil (Fitoterápicos, 2010; Yadav, Prajapati, 2011; Zhang et al., 2012) . Several studies have shoWN A concern about the presence of contaminants in plants, teas, extracts, powders, herbal products, among others (Alwakeel, 2008; Caldas, Machado, 2004; Carvalho et al., 2010; Hussain et al., 2006; Jabeen et al., 2010; Lokeshappa et al., 2012; Rubio et al., 2012; Vulcano et al., 2008) .
The presence of foreign materials in the herbal medicines may compromise the quality of the drug and interfere in their effectiveness and ALSO endanger consumer´s health (Balbino, Dias, 2010; Carvalho et al., 2011; Freire, 2005; Melo et al., 2004; Tobias et al., 2007) . The major concern for human health is the long-term exposure to chemicals nonessential TO humans, even at low concentrations (Fergusson, 1990; Remington, Genaro, 2000) .
Plants have the ability to accumulate metals essential TO their growth and developED from the soil and water -such as, Mg, Fe, Ms, Zn, Cu, Mo and Ni (Langille, MacLean, 1976) . Some plants even have the ability to accumulate metals that have no known biological function to them, as Hg, Cr and others. The excessive accumulation of metals is toxic to most plants (Memon et al., 2001) .
Considering this issue, the aim of this was to investigate the presence of metals and other elements in plant samples in different forms, such as dry extracts, powders and vegetable drugs, by using neutron activation analysis (NAA). 
MATERIAL AND METHODS
Eleven vegetable samples of medicinal herbs were purchased at Central Market in Belo Horizonte from different suppliers, five of them were dry extracts (DE); three, powders (P) and three, teas (T), as described in Table I .
For identification purposes, the macro and microscopic characterization of powders and dry extracts were performed by the laboratory of the (Brasil, 2010c) Use 1 cup tea, 2 times a day (Brasil, 2010c) Treatment of hepatic disorders and cholelithiasis (Melo et al., 2004) .
Castanha da Índia (DE)
Aesculus hippocastanum Hippocastanaceae Seeds in shell. Decoction: 1.5 g (½ tablespoon) in 150 mL (tea cup) (Brasil, 2010c) Use 1 cup tea, 2 times daily, after meals (Brasil, 2010c) Treatment of varicose veins and hemorrhoids (Martins e Brandão, 2006) .
Chá Verde (DE)
Camelia sinensis Theaceae Leaves. Infusion: 1-2 g (1-2 tea spoons) in 150 mL (tea cup) (Plantamed, 2013) Use 1 cup tea, 3 or 4 times daily
To reduce levels of cholesterol, antimicrobial and antioxidant (Nishiyama et al., 2010) .
Erva Cidreira (T)
Melissa officinalis Labiatae Worthies flowering. Infusion: 2 to 4g (1-2 dessert spoons) in 150 mL (tea cup) (Brasil, 2010c) Use 1 cup tea, 2 or 3 times daily (Brasil, 2010c) Antispasmodic, antipyretic, anti-inflammatory, diaphoretic, analgesic and sedative (Julião et al., 2003) .
Espinheira Santa (P, T)
Maytenus ilicifolia Celastraceae Leaves. Infusion: 1-2 g (1-2 tea spoons) in 150 mL (tea cup) (Brasil, 2010c) Use 1 cup tea, 3 or 4 times daily (Brasil, 2010c) Treatment of gastritis and stomach ulcers (Negri, Possamai, Nakashima, 2009 ).
Guaraná (P)
Paullinia cupana Sapindaceae Seeds. 0.5 to 2 g of the powder (1-4 teaspoons coffee) (Brasil, 2010c) Use pure or diluted in water (Brasil, 2010c) Central nervous system stimulant (Kuskoski et al., 2005) .
Maracujá (DE)
Passiflora sp. Passifloraceae Leaves. Infusion: 3 g (1 tablespoon) in 150 mL (tea cup) (Brasil, 2010c) Use 1 cup tea, 1 or 2 times daily (Brasil, 2010c) Treatment of anxiety, insomnia and stress (Paris et al., 2002) .
Mulungu (P) Erythrina velutina Leguminosae ou Fabaceae
Bark. Decoction: 4-6 g (2-3 teaspoons) in 150 mL (tea cup) (Brasil, 2010c) Using one cup tea 2-3 x daily (Brasil, 2010c) Sudorific, sedative, emollient, and local anesthetic (Virtuoso et al., 2005) .
Sene (DE)
Cassia angustifolia Febaceae Leaves. Leaves. Infusion: 1-2 g (1-2 tea spoons) in 150 mL (tea cup) (Plantamed, 2013) Use 1 cup at bedtime Treatment of constipation (Peron et al., 2008) . Microscopy Ezequiel Dias Foundation (FUNED). From the microscopic characterization of dry extracts, it can be observed a large amount of starch in all extracts, and the presence of microorganisms in some samples, which suggests a possible shift in the quality of the acquired samples; however, this issue is not the focus of discussion at the moment. The investigation of contaminants in the samples was performed by the (NAA-k 0 ), which is the most appropriate method for this type of investigation, since it allows to determine the presence and concentration of several elements simultaneously, in trace levels, parts per billion (ppb), without any complex sample preparation. The elemental concentration is obtained through the spectra of the gamma radiation emitted by the elements present in the matrix, which become radioactive after beING irradiated by neutron of a nuclear research reactor (Leal et al., 2006; Menezes, Jacimovic, 2006; Yamashita et al., 2005) . The samples were first crushed and sieved, when necessary, homogenized, weighed (approximately 200 mg) and placed into polyethylene tubes. The irradiation was performed at the TRIGA IPR-R1 reactor of CDTN (Jacimovic, Leal et al., 2008) according TO the conditions and parameters presented in Table II .
RESULTS AND DISCUSSION
The results of (NAA-k 0 ) confirming the presence of several chemical elements: Al, As, Au, Ba, Br, Ca, Ce, Cl, Co, Cr, Cs, Fe, Hf, Hg, K, La, Mg, Mn, Na, Rb, Sb, Sc, Se, Sm, Sr, Th, V and Zn -at a wide range of concentrations are presented in the Tables II, III and IV. From Tables II and III , it can be observed a wide variability in the concentration of the quantified elements. It is not possible to establish any previous relation from the elements or quantify them with the plant or its forms analyzed. This fact could be already expected due to the heterogeneity of the samples acquired from different manufacturers and with particular forms of cultivation and post-harvest processing. Samples of Erva cidreira (T) and Mulungu (P) showed high concentrations of 13 and 8 elements, respectively, among the 30 ONES analyzed, namely: Al, As, Au, Ca, Cl, Cr, Cs, Fe, K, Mg, Mn, Sc to Zn to Erva cidreira and Ba, Ce, Co, Hf, La, Nd, Sr and Th to the Mulungu.
The presence of several non essential elements to the human body, such as, Ba, Ce, Hf, La, Sb, Sc, Sm, Sr and Th can be attributed to the production and harvest processes, the handling of dry extracts, powders and teas from the soil or THE atmosphere contamination (Ernst, 2002; Fraga, 2005; Zhang et al., 2012) . The methods used in packaging and transportation of medicinal plants and related products also constitute important steps in critical contamination by heavy metals and pesticides (Carvalho et al., 2010; Freire, 2005) .
The element Ca and its relatively high concentration can be expected in aromatic plants, as well as for the elements Cl, Fe, K, Mg, Mn, Na and Zn, naturally found in organic matrixes. In general, concentrations of metals like Al, Ag, Cd, Hg, Sb, Sn, involved in the biological cycle are very low, this relatively small variations of some elements might cause serious damage to humans and other living organisms, thereby, systematic investigations and the IR control are necessary (Dospatliev et al., 2012) .
The toxic effects of metals for the human health can be dependent on several variables, such as, the affected organism, their temporal condition and the exposure parameters. The results presented here suggest the need to assess the quality of herbal medicines commercialized due to the potential toxicity of the elements found in them (Azevedo, Chasin, 2003) . The toxicological effects of these elements are very difficult to predict, because they are not mentioned in the reference elements of the nutritional diet (Carvalho et al., 2006) .
CONCLUSION
The analysis of the ten different most consumed medicinal herbs in Brazil by the (NAA-k 0 ) method showed the presence of several non essential elements for the human health like, As, Au, Ba, Ce, Co, Cr, Cs, Hf, La, Rb, Sb, Sm, Sr, Th and V, in concentrations varying from 0.02 to 540(mg kg -1
). These concentrations are in general, Sm < DL 0.02 ± 0.01 < DL < DL < DL Sr < DL < DL < DL < DL < DL Th < DL < DL < DL < DL < DL V < DL < DL < DL < DL 0.7 ± 0.1 Zn 2.9 ± 0.4 7.4 ± 0.5 4.5 ± 0.5 22 ± 1 21 ± 1 * < DL (value under the detection limit).
very low when compared to the average concentration of essential elements for human body like Cl, Fe, K, Mg, Mn, Na, and Zn, but the diversity of chemical impurities found, even at low concentration levels, considering the potential for chronic toxicity, reinforces the need to improve the implementation of good practices by growers and traders, besides the hypothesis of lack of quality control in plant products. Thus, it is suggested an additional evaluation, since the presence of non-essential elements in plants and herbal medicines can be a problem due to their widespread and long-term use. 
